Introduction
Despite the fact that the general behavior of periodic structures has been investigated for many decades, the analysis and design of multilayered FSS's is still a very actual and complicated problem. This is especially true for stringent requirements, which rise for example when the FSS has to be integrated with a planar phased array. A MEN based approach has been developed to solve this specific kind of problems and successfully applied to a realistic design case [1] . The key innovative notion introduced by the MEN method is the formalization of the scattering problem through a set of Integral Equations (IE's) with reduced kernel and corresponding reduced Green's Function (GF). Originally, the pertinent Method of Moments (MoM) based IE's have been solved by expanding the unknowns in terms of sub-domain functions. However, when the frequency filtering performances required from the FSS include steep roll offs and wide scan angles, the number of accessible (interacting) modes to be included in the analysis grows and it turns out that, for expansions based on sub-domain functions, the MoM matrix tends to be ill conditioned. This specific behavior will be the subject of this contribution. =1 -j k.,, x ei = 7dx e j zoT . In this expression, kro = ko sin 0 is the phase shift of the excitation law in the x direction, i = -Na..Na is the index of the considered accessible mode, with N = 2Na + 1 the total number of accessible modes, and kxi = kxo-27ri
is the modal transverse wavenumber. The complete set of IE's in this simple case can then be expressed as:
vfd where ji(x) are the unknown equivalent currents induced on the patch by an impressed electric field equal to the i-th FW (electric field) mode. A key aspect characterizing these IE's is the fact that their kernels are reduced to the non-accessible portion of the GF's, g% . In the specific free space two dimensional case considered in this contribution, g9 results to be:
with Cg =-e The non-accessible portion of the GF due to N accessible modes is [1] oo0 N.
ge (X X) =E gZ m(X, X')-E gm(X, x'). non-accessible fields, generated by a current distributed according to a pws rule. The calculations have been performed without resorting to the previous approximation for the GF. In particular, we have used one pws function, centered in the origin of the reference system in Fig. 1 , with length epws = O.O1Ao. The period of the structure is dx = 0.6Ao and the field is observed on the entire periodic cell. The array is supposed to be radiating broadside, kxo = ko sin0 = 0 and, therefore, the entire non-accessible field is purely imaginary. Both a dominant singularity, (in x = 0), and some periodic oscillations can be recognized. Moreover, for any value of Na larger than one, the amplitude of the radiated field is not always decreasing as the distance between source and observer (or image and observer) increases. For large Na the oscillations are very relevant.
Piece wise sinusoidal functions are widely used for studying, via MoM, dipole antennas. However, these functions have a number of disadvantages, especially when introduced in a MEN procedure. In this case, since the forcing terms (FW's) are periodic functions of x, the solutions tend also to be highly oscillatory in nature.
Additionally, for high values of Na, the non-accessible GF is essentially frequency independent, and so are the entries of the corresponding MoM. Furthermore, the non diagonal terms of the matrix tend to have a non decreasing and oscillating nature. Fig. 3a shows a parametric study of the condition numbers of the MoM matrices generated when solving, via pws-based MoM, the scattering problem of an array of metallic strips under TM incidence. The condition numbers are plotted as a function of the accessible mode index Na; the strips length ranges from small with respect to the wavelength to a dimension of the order of magnitude of the array period (d, = 0.6AO). In all cases, 101 pws functions were considered. As expected, the condition number grows with Na. Moreover, one can notice that the growth is much faster when the dimensions of the strip are comparable with the period. The intuitive reason is that the natural modes of the structure tend to resonate with the Floquet modes. When this happens, the problem becomes wildly ill conditioned. For dimensions of the strip close to the period the problem cannot be treated already for Na = 1, while for shorter strips the coherence between Floquet modes and natural modes of the structure can only occur for large Na. This type of ill conditioning is essentially frequency independent, unlike what is typically found in most MoM based formulations.
A general-purpose procedure, to reduce the required numerical effort, consists in the adoption of entire-domain basis functions. Since, for the case of reduced kernels, eigenfunctions tend to be similar to combinations of the extracted FW's, it might be convenient to use those same FW's as basis functions. This idea is supported by the observation that the non-accessible GF is dominated, especially for large Na values, by the Floquet wavenumbers. In [2] Truncated Floquet Waves (tfw) were proposed as entire domain basis functions for the analysis of large finite slot arrays (2D geometries). The functions introduced here are defined only on the domain of the radiating element inside the periodic cell, rather than in the all finite-array domain. In this case, it is convenient to account for the end point appropriate boundary conditions and, since the scale of the problem (periodic cell) is typically sub-wavelength, the dominant edge conditions are the quasi-static ones. In Fig. 3b , a comparison between the currents calculated via the MoM, when using pws basis functions and tfw's is presented. The strip investigated in this example is 0.2Ao long, with a period d. = 0.6Ao and Na = 2. Resorting to only three tfw's achieves the same accuracy as using 101 pws functions.
Conclusions
The use of sub-domain basis functions for solving via MoM the IE's that arise from a MEN formulation leads to ill conditioned problems. This happens especially for large number of accessible modes, Na. In such cases, basis functions with oscillations dominated by the period of the structures and with pertinent boundary conditions to verify the local geometrical configurations turned out to be more adequate. During the oral presentation a number of test cases, demonstrating the efficacy of TFW's as basis functions, will be proposed, as well as an asymptotic expansion of the GF for large values of Na and consequent discussion on the nature of the eigenvalues of the reduced Kernel integral equations.
